As persons from a less-developed region of a country with a low rate of autoimmune disease and high rates of childhood infection migrate to a more developed region of the country with lower rates of childhood infection, the incidence of autoimmune diseases among the migrants and their offspring reciprocally increases (1). Furthermore, it has been previously reported in rodent models of T1D, such as the NOD mouse, that exposure to infectious agents can provide powerful protection from T1D in these animals (reviewed in 1). However, how infections protect against autoimmune disease is unknown. In their current study in this issue of the JCI, Filippi et al. (2) demonstrate that infection of prediabetic NOD mice with Coxsackie virus B3 (CVB3) or lymphocytic choriomeningitis virus (LCMV) -pancreatotropic viruses that are known to cause systemic infection but do not lyse pancreatic β cells - reduces the incidence and delays the onset of T1D in these animals. The authors demonstrate that viral infection provides protection from T1D by triggering distinct immunoregulatory mechanisms, involving both the innate and adaptive immune systems, that prevent the expansion of diabetogenic T cells.
The inception and termination of T celldependant antiviral immune and autoimmune responses are orchestrated through similar pathways in which inflammatory innate and antigen-specific adaptive immunity interact. The balance of proand antiinflammatory cytokines present within the milieu in which self or microbial antigens stimulate the activation of naive CD4 + T cells dictates whether newly activated CD4 + T cells commit to a tissue-destructive (e.g., Th1, Th17) or tissueprotective immunoregulatory (i.e., Treg) phenotype (3). Inflammatory cytokines also influence the phenotype of antigenactivated CD8 + T cells; however, this topic has received less attention. Among CD4 + T cells, proinflammatory Th17 cells are particularly adept at effecting tissue injury (4), as exemplified in autoimmune conditions including T1D (5). TGF-β, a cytokine that has immunosuppressive properties and induces development of the immunoregulatory Treg phenotype in newly activated CD4 + T cells (6) , is shown in the current study by Filippi et al. (2) to be robustly expressed by Tregs harvested from NOD mice bearing protective pancreatotropic viruses (Figure 1 ). Yet it is well known that hyperexpression of TGF-β does not invariably lead to heightened immunoregulatory activity. TGF-β coexpressed in an environment with an abundance of proinflammatory cytokines such as IL-6 or IL-21 directs newly activated CD4 + T cells to develop the highly cytopathic Th17 phenotype (7) (8) (9) . Indeed, the presence of IL-6 or IL-21 totally negates the potential to instruct naive CD4 + T cells to develop a tissue-protective Treg phenotype (7) (8) (9) . In short, the commitment of CD4 + T cells to a highly tissue-destructive or to a tissue-protective T cell phenotype hinges on the fine balance between select pro- and antiinflammatory cytokines present within the context of antigen activation. The exquisite interplay between adaptive and innate immunity is also responsible for terminating T celldependent reactions in vivo.
Virus-triggered IFN-γ secretion limits expansion of β celldestructive T cells
Filippi et al. (2) also observed that, after interaction with a major islet cell autoantigen (islet-specific glucose-6-phosphate catalytic-related protein [IGRP]), IGRP-specific cytotoxic CD8 + T cells became activated and expressed programmed cell death-1 (PD-1) proteins on their cell surface, which renders these cells sensitive to an immunoinhibitory signal that results from ligation of PD-1 by PD-1 ligand 1 (PD-L1) (10) (Figure 1) . Thus, T cell activation, a process that is necessary for expression of effector T cell tissue-destructive properties, also (Figure 1) . The authors observed that interaction of PD-L1 + cells with PD-1 + IGRP-specific cytotoxic CD8 + T cells sharply limited expansion of these β cell-destructive PD-L1 + T cells, which delayed the onset of T1D in the NOD mice infected with non-lytic CVB3 or LCMV pancreatotropic viruses (2). Hence, a negative feedback loop that rests upon the coordinated consequences of T cell activation and presence of an inflammatory cytokine springs into action.
TGF-β restrains the β celldestructive properties of autoreactive T cells
Filippi et al. also show that a second mechanism of immunoregulation amplified in CVB3- or LCMV-infected NOD mice protects the mice from T1D (2). The authors report that while Tregs activated by viral infection do not recognize islet-specific autoantigens, infection with either of these two T1D-protective viruses magnified the ability of Tregs to prevent T1D (2). Why? Tregs are able to curtail the expansion and activity of tissue-destructive T cells through a variety of mechanisms (6, 11) . In some cases, immunoregulation is exerted via non-antigen-specific means, for example, the production of immunosuppressive cytokines such as IL-10 or TGF-β (11), or by adenosine, another type of immunosuppressive molecule (12) . The enhanced capacity of Tregs from NOD animals infected with the T1D-protective viruses CVB3 or LCMV, as compared with Tregs from uninfected control NOD mice, to block diabetes is shown by Filippi et al. to be mediated by amplified TGF-β expression by Tregs (2) (Figure 1 ). The Treg populations in the pancreatic lymph node and spleen were also shown to be increased in the CVB3- or LCMV-infected animals. Thus, amplified TGF-β production by CVB3- or LCMV-reactive Tregs and/or APCs residing in the same microenvironment through which effector T cells reactive to β cell autoantigens traverse exerts effective, albeit non-antigenspecific, immunoregulatory effects within this environment. In this context, CVB3-or LCMV-reactive Tregs, which develop as part of the adaptive immune response, act in a non-antigen-specific manner to block the autoimmunity mediated by autoantigen-responsive T cells. In summary, the strengthened immunoregulatory networks evident in NOD mice infected with T1D-protective viruses synergize to block T1D development by restraining the expansion of autoreactive T cells via (a) the interaction of PD-1 + autoimmune cells with an IFN-g-dependent expanded population of PD-L1 + cells and (b) the TGF-β-dependent amplification of Treg-dependent immunoregulation (Figure 1 ).
Regional, virus-induced immunoregulation prevents T1D
Nature has provided means to curtail prolonged tissue-destructive immune and inflammatory processes. The consequences of overly prolonged cytodestructive immunoinflammatory reactions are so dire that effective and multitiered feedback regulation is imperative. In their current study, Filippi et al. reveal that antiviral immunity and autoimmunity, coordinated in time and location, can interact and conspire to block the clinical expression of T1D in NOD mice (2) . In essence, antiviral and autoimmune T cells can occupy overlapping habitats. The T cell-dependent antiviral immune response, characterized by marked inflammation in the absence of β cell injury, evokes naturally occurring feedback regulation of virus-reactive effector T cells. Insofar as this immunoregulatory response to terminate tissue-destructive antiviral immunity is mounted within a habitat also bearing cellular constituents of the autoimmune response, heightened naturally occurring feedback inhibition - created to control both colocalized antiviral immunity and (probably) the autoimmune responseserves to efficiently abort tissue-destructive forms of β cell-directed autoimmunity.
Tregs are the primary cell type responsible for creating immune tolerance, a state in which tissue antigen-specific protective T cells restrain the antigen-specific tissue effector T cells from destroying tissues that bear antigens that are recognized by these different T cell subsets. In most situations in which immune tolerance has been analyzed, Tregs and tissue-destructive T cells recognize antigens expressed on the same tissue. As Filippi et al. show (2) , in NOD mice infected with T1D-preventing viruses, β cells are protected from immune-mediated injury through the additive effects of β cell-specific and non-β cell-reactive, virus-specific T cells. The findings of this new study emphasize the potential for developing new vaccination strategies in which cells adjacent to cells at risk for autoimmune injury are targeted for infection by select noncytopathic viruses that foster immunoprotection mediated by Tregs that home to the same microenvironment as cells targeted for immune injury. Regional, not necessarily antigen-specific, immunoprotection may be sufficient to prevent T1D and other autoimmune diseases, even in the numerous circumstances in which the antigen(s) that trigger the autoimmune state in the afflicted individual are not known. Unfortunately, there are complexities that must be surmounted. Some pancreatotropic viruses, for example, CVB4, exert diabetogenic, not tolerogenic, effects in NOD mice (13) . For such a vaccination strategy to prove effective, it will be necessary to develop vaccines that target the appropriate tissues and also elicit expression of immunoinhibitory cytokines such as TGF-β in the absence of cytokines that direct T cells to develop the tissuedestructive Th17 phenotype.
